Theory and Applications of Categories, Vol. 17, 2006, pp. 1–9.

PREFACE

VALERIA DE PAIVA AND VAUGHAN PRATT

This special volume of Theory and Applications of Categories (TAC) addresses the theme “Chu Spaces: Theory and Applications.” The idea for the volume grew out of the workshop of that name organized by the volume’s editors in association with the conference Logic in Computer Science (LiCS’2000) held at Santa Barbara in 2000. We conceived the scope of the volume as not being limited to the material presented at the workshop itself but extending beyond it to embrace a wider range of topics related to Chu spaces and Dialectica constructions.

By way of complement to Barr’s article in this issue on the conceptual evolution of Chu spaces we offer here some prefatory remarks of our own on the nature, uses, and history of Chu spaces. We then give our perspective on where this volume’s papers fit in the overall scheme of things. Further material on Chu spaces can be found at the website

http://chu.stanford.edu maintained by the second editor.

1. Framework

A Chu space over an object k is a triple (a, r, x) consisting of two objects a and x that transform respectively forwards and backwards, along with a morphism r : a ⊗ x → k that can be viewed as a k-valued relation between a and x. In the ordinary case, a, x, and k are sets A, X, and K, and r is a function r : A × X → K that, when K = {0, 1}, reduces to the usual notion of an ordinary binary relation between two sets. Thinking of the elements of A as the points of the space, the elements of X may be understood as dual points, states of an automaton, or places of a Petri net depending on the application. More generally the objects and morphisms are drawn from an autonomous (symmetric monoidal closed) category V with tensor product a ⊗ b, tensor unit I, and internal hom a−∘b.

The notion of direction of transformation of a and x is made precise by defining a morphism (a, r, x) → (a^′, r^′, x^′) of Chu spaces to be a pair (f, g) of morphisms f : a → a^′, g : x^′ → x. These are required to satisfy an adjointness condition, which in the ordinary case where the set A has elements α, . . . and X^′ has elements ξ, . . ., is expressible as r^′(f(α), ξ) = r(α, g(ξ)) for all α ∈ A and ξ ∈ X^′. Morphisms compose via (f^′, g^′)(f, g) = (f^′f, gg^′), whose associativity is straightforward to verify. When V = Set the resulting ordinary category of ordinary Chu spaces over K and their morphisms is denoted Chu(Set, K); for other V a further step enriches the homsets to make them objects

Published on 2006-12-16 in the volume Chu spaces: theory and applications. 2000 Mathematics Subject Classification: 08A05, 08A70, 08C05, 18B15, 18B30, 18D15, 18D20. © Valeria de Paiva and Vaughan Pratt, 2006. Permission to copy for private use granted. 1 of V and Chu(V, k) a V -category [Kel82].

The autonomous structure of V is inherited by Chu(V, k), along with a contravariant involution (a, r, x)^∗ = (x, r^′, a) where r^′(z, a) = r(a, z). This involution makes the latter category ∗-autonomous in Barr’s terminology. V embeds as a submonoidal (but not subautonomous) category of Chu(V, k) via a → (a, ε_{ak}, a−∘k) where ε_{ak} : a ⊗ (a−∘k) → k is evaluation; that is, T (a ⊗ b) ∼= T (a) ⊗ T (b) but only T (a−∘b) → T (a)−∘T (b) (namely transpose of evaluation), where T : V → Chu(V, k) is the embedding in question.

Chu(V, k) inherits the colimits and limits of V in matched pairs. That is, if V has both J-limits and J-colimits for a given small category J constituting the shape of the relevant diagrams, then so does Chu(V, k). In particular if V has finite sums and products then so does Chu(V, k), relevant to the application to linear logic.

2. History and Applications

As Michael Barr explains in his contribution to this volume and in [Barr96], his original application for the Chu construction given in his book [Barr79] was to have many more ∗-autonomous categories than the half dozen he had observed in nature. The Chu construction produces a ∗-autonomous category for every autonomous category (V, k), thinking of k as a distinguished object or point.

At the Conference on Categories in Computer Science and Logic held in Boulder in 1987 it was realized that several people had more or less simultaneously arrived at the view of linear logic, specifically its multiplicative fragment MLL, as the internal logic of a ∗-autonomous category. Barr, Robert Seely, Martin Hyland, and Valeria de Paiva all spoke on modeling linear logic using ∗-autonomous categories, with additional structure for the exponentials. Seely’s and de Paiva’s articles appeared in the proceedings of the conference [See89, dP89a].

In her 1988 Cambridge thesis advised by Martin Hyland, de Paiva modeled Gödel’s Dialectica interpretation in terms of a category denoted DC, reminiscent of the Chu construction. Subsequently, following a suggestion of Jean-Yves Girard, she proposed a variant of DC, called GC closer to the Chu construction. Both constructions provide models of Linear Logic, including the exponentials. Both constructions differ from Chu’s construction in that the morphism adjointness condition is taken as an inequality instead of an equality: the inequality is read as logical implication, instead of logical equivalence.

In 1990 Carolyn Brown and Doug Gurr [BG90] applied de Paiva’s Chu-like Dialectica Category GC to the semantics of Petri nets, identifying the two sets of respectively transitions and places of a Petri net as an object of GC. In 1991 Brown, Gurr and de Paiva [BGdP91] formulated GC as GNet, having as objects Petri nets and as morphisms simulations of one Petri net by another. Existence of a morphism between two Petri nets was a sufficient condition for the correct simulation of one by the other. They illustrated this for the problem of verifying correctness of an error-correcting message handler given a simpler non-error-correcting one defining the desired behavior on error-free messages, accomplished by exhibiting a morphism between them.

Yves Lafont and Thomas Streicher proposed the name GAME_K for the case Chu(Set, K) of the Chu construction [LS91]. This was the first paper to relate linear logic and games, a connection that Blass, Abramsky and others subsequently developed into several applications of linear logic ideas to programming language semantics. They also pointed out the concrete embedding, or realization in the sense of Pultr and Trnkova [PT80], of the categories of topological spaces, Girard’s coherent spaces, and vector spaces over an arbitrary field k, into Chu(Set, K) for suitable sets K in each case.

In 1992 Vineet Gupta and Vaughan Pratt embedded the pomset model of concurrent processes in Chu(Set, 2) by interpreting events as the points, and configurations of events as the states or dual points, of a Chu space. They showed that this representation mapped the concurrency operations of orthocurrence and concurrence to respectively tensor product and sum (coproduct) [GP93]. This work became the basis for Gupta’s thesis “Chu Spaces: A Model of Concurrency” [Gup94].

Dusko Pavlović [Pav93, Pav97] exhibited an adjunction between the 2-categories of pointed autonomous categories and ∗-autonomous categories, and showed that its right adjoint 2-functor was the ordinary (unenriched) Chu construction Chu_O(V, k). Pavlović suggested a way of extending it to produce V -categories, though necessarily not as part of any adjunction of this kind since V is variable.

At MFCS’93 [Pra93] Pratt extended the concrete universality results of Lafont and Streicher to all algebraic and relational structures of total arity n, which he realized as Chu spaces over 2^n; for example the category Grp of all groups, understood as ternary relational structures, embeds concretely in Chu(Set, 8). At LICS’95, with this universality of Chu spaces in mind, Pratt proposed [Pra95b] a two-dimensional coordinatization of the universe of all algebraic and relational structures: discrete to coherent depending on the aspect ratio of the Chu matrix, and simple to complex depending on the cardinality of the dualizing set K. At Linear Logic’96 in Tokyo Pratt presented a related universality result, that every small category C embeds in Chu(Set, |C|) and moreover concretely when C is concrete [Pra96].

At TAPSOFT’95 Pratt proposed Chu spaces as a solution to René Descartes’ problem of how body and mind could interact by interpreting the points of a Chu space as body, its dual points as mind, and its matrix as the mechanism of their interaction [Pra95a] (a topic perhaps more appropriate for philosophers than programmers).

In 1997 Jon Barwise and Jerry Seligman produced their book “Information Flow: The Logic of Distributed Systems” [BS97], yet another independent rediscovery of Chu spaces. Using the paradigm of infomorphisms as information flow along information channels, with points and states designated as tokens and types, they consider the application of infomorphisms to distributed systems, Boolean inference in state spaces, reasoning at a distance, speech acts, vagueness, representational systems, and quantum logic.

At a Stanford seminar in 1998 Johan van Benthem defined a notion of flow formula as one that universally quantifies the points and existentially quantifies the states of a Chu space, and showed that the flow formulas were, up to equivalence, exactly those first order formulas preserved by Chu transforms [vBen00]. Sol Feferman applied a manysorted interpolation theorem he had proved in 1968 to strengthen and generalize this result [F03].

In a talk at CT’97 Pratt asked whether every dinatural transformation between MLL functors in Chu(Set, K) interpreted some MLL proof net, subsequently answered in [Pra03] in the negative with a dinatural endomorphism of A−∘A. At LICS’99 Harish Devarajan, Dominic Hughes, Gordon Plotkin and Pratt [DHPP99] gave a positive answer to the same question with dinaturality strengthened to binary logicality. Attempts to extend this result to MALL in 2000 ran up against the lack of a satisfactory definition of MALL proof net; Hughes then focused exclusively on this problem, joined near the end by Rob van Glabbeek, resulting in a satisfactory definition presented at LICS’03 [HG03].

In 1999 Eva Schläpfer at McGill defined a group algebra for topological Hausdorff groups using the Chu construction [ES99], based on her Fribourg Ph.D. work under Heinrich Kleisli. Such algebras have traditionally been defined measure-theoretically, typically via the Haar measure; the benefit of the Chu approach is that it avoids measure theory altogether.

The Coimbra School on Category Theory and Applications included a course of six lectures by Pratt on Chu spaces [Pra99]. Material covered included special and general realizations, operations on Chu spaces, axiomatics of multiplicative linear logic (MLL), and full completeness of MLL for Chu spaces.

3. Contents

The papers in this issue by Barr, Cockett et al, Koslowski, and Pratt look backwards and inwards at historic and foundational aspects of Chu spaces. The papers by de Paiva, Ritter and de Paiva, and Shirahata treat aspects of the dialectica categories and applications to intuitionistic and classical logic. Zhang and Shen consider applications of Chu spaces to Formal Concept Analysis.

Barr gives a history of the Chu construction, as a mathematical concept originally intended simply to produce topological vector spaces. He traces the roots of the construction back to George Mackey’s 1945 thesis. Finally he proposes an elegant construction of Chu(V, k) by first showing that V × V^{op} is ∗-autonomous, thus giving Chu(V, 1), and then obtaining Chu(V, k) as the category of M-actions for the monoid object M = (I, k) in V × V^{op}.

Cockett, Hasegawa, and Seely show that the double-negation axiom characterizing ∗- autonomous categories, normally required only to be an isomorphism, can be taken to be identity without significant loss of generality. This brings ∗-autonomous categories in line with both Chu spaces and linear logic in that regard, both of which take double-negation to be identity.

Koslowski proposes an alternative view of the Chu construction as a bicategorical construction in its own right. He begins by constructing a closed bicategory that is not ∗-autonomous, and then identifies within it a ∗-autonomous subcategory.

Pratt poses the question of whether the construction of Chu(V, k) can be viewed as a completion of k understood as a small V -category with k as its one nontrivial homset. He answers this in the affirmative for V = Set and explores how this might generalize.

Turning to dialectica categories, de Paiva compares Chu spaces with Dialectica spaces and proves that the latter can be constructed when the base category is simply symmetric monoidal closed, instead of cartesian closed. A survey of previous work on dialectica categories fills a long-standing gap.

Ritter and de Paiva formulate full intuitionistic linear logic, the logical system corresponding to dialectica spaces, as a strongly normalizing Natural Deduction system, following Parigot’s suggestions for natural deduction for classical logic.

Shirahata proposes a version of Gödel’s Dialectica interpretation of linear (actually affine) logic. This gives rise to the same categorical construction of de Paiva’s doctoral work, the category GC, which one can easily extend to a model of first-order affine logic. More interestingly Shirahata then proves syntactically that combining Girard’s ?!- translation and his own affine Dialectica translation is essentially equivalent to composing the double-negation interpretation with Gödel’s original Dialectica.

Zhang and Shen explore relationships between Chu spaces and the Darmstadt school of Formal Concept Analysis, FCA. They introduce “approximable concepts” and show that they represent algebraic lattices similar to Scott spaces but for the inclusion of a top element.

While by no means exhausting the scope of extant material falling under the Chu space rubric, these papers offer an indication of some of their directions. The editors hope that researchers will be motivated to further our understanding of Chu spaces and to extend the variety of uses to which they can be put.

References

[BS97] J. Barwise and J. Seligman. Information Flow: The Logic of Distributed Systems. Cambridge University Press, 1997.

[Barr79] M. Barr. ⋆-Autonomous categories, Lecture Notes in Mathematics, vol. 752, Springer-Verlag, 1979.

[Barr91] M. Barr. ⋆-Autonomous categories and linear logic, Math. Structure in Computer Science, 1, 159–178 1991.

[Barr90] M. Barr. Accessible categories and models of linear logic. Journal of Pure Applied Algebra, 69, 219–232. 1990.

[Barr90] M. Barr. Fuzzy models of linear logic. Manuscript

[Barr96] M. Barr. The Chu Construction. Theory and Applications of Categories, 2, 17–35, 1996.

[Barr96] M. Barr. ∗-autonomous categories revisited. Journal of Pure Applied Algebra, 111, 1–20, 1996.

[Barr95] M. Barr. Non-symmetric ∗-autonomous categories. Theoretical Computer Science, 139, 115–130, 1995.

[Barr99] M. Barr. ∗-autonomous categories: once more around the track. Theory and Applications of Categories, 6, 5–24, 1999.

[Barr98] M. Barr. The separated extensional Chu category. Theory and Applications of Categories, 4.6, 137–147, 1998.

[Bar96] A. Barber. Dual Intuitionistic Linear Logic. Doctoral thesis, available as ECS-LFCS-96-347 technical report.

[vBen00] J. van Benthem. Information Transfer across Chu Spaces. Logic Journal of the IGPL 8(6), 2000.

[BBHdP93] N. Benton, G. Bierman, M. Hyland and V. de Paiva. A Term Calculus for Intuitionistic Linear Logic. Proceedings of the First International Conference on Typed Lambda Calculus. In Volume 664 of Lecture Notes in Computer Science, Springer Verlag. 1993

[Ben95] N. Benton. A Mixed Linear and Non-Linear Logic: Proofs, Terms and Models. Proceedings of Computer Science Logic ’94, Kazimierz, Poland. Springer- Verlag LNCS 933. June 1995.

[Bie95] G. M. Bierman. What is a categorical Model of Intuitionistic Linear Logic?

Typed Lambda Calculi and Applications, LNCS vol. 902, 1995.

[BdP00] G. M. Bierman and V. de Paiva. On an Intuitionistic Modal Logic. Studia Logica, 65: 383–416, 2000.

[BG90] C. Brown and D. Gurr. A Categorical Linear Framework for Petri Nets. in Proceedings of Logic and Computer Science, LICS 1990.

[BGdP91] C. Brown, D. Gurr, and V. de Paiva. A Linear Specification Language for Petri Nets. Technical Report 363 from Computer Science Department, University of Aarhus, Denmark, October 1991.

[DHPP99] H. Devarajan, D. Hughes, G. Plotkin, and V. Pratt. Full completeness of the multiplicative linear logic of Chu spaces Logic in Computer Science, LICS, 1999.

[F03] S. Feferman Ah, Chu. In Essays Dedicated to Johan van Benthem on the Occasion of his Fiftieth Birthday, Amsterdam Univ. Press (1999), CD-ROM only.

[G87] J.-Y. Girard. Linear Logic. Theoretical Computer Science 50, 1–102, 1987.

[G91] J.-Y. Girard. A New Constructive Logic: Classical Logic. Mathematical Structures in Computer Science 1(3), 255–296, 1991.

[G58] K. Gödel. On a Hitherto Unexploited Extension of the Finitary Standpoint.

Journal of Philosophical Logic, 9, 133–142, 1980.

[GP93] V. Gupta and V.R. Pratt. Gates accept concurrent behavior. In Proc. 34th Ann. IEEE Symp. on Foundations of Comp. Sci., pages 62–71, November 1993.

[Gup94] V. Gupta. Chu Spaces: A model of Concurrency Ph.D Thesis, Stanford University, 1994.

[HdP91] M. Hyland and V. de Paiva, Lineales. Manuscript, 1991.

[HG03] D. Hughes and R. van Glabbeek. Proof nets for multiplicative-additive linear logic. In P.G. Kolaitis, editor, Logic in Computer Science, pages 1–10. IEEE Computer Society, June 2003.

[HS99] M. Hyland and A. Schalk, Abstract Games for Linear Logic. Extended Abstract In Proceedings of CTCS ’99, Volume 29 of Electronic Notes in Theoretical Computer Science, 1999.

[Kel82] G.M. Kelly. Basic Concepts of Enriched Category Theory: London Math. Soc.

Lecture Notes. 64. Cambridge University Press, 1982.

[Kos00] J. Koslowski, A 2-dimensional view of the Chu-construction Presented at the Workshop on Chu Spaces and Application, Santa Barbara, CA, June 2000.

[LS91] Y. Lafont and T. Streicher. Games semantics for linear logic. In Proc. 6th Annual IEEE Symp. on Logic in Computer Science, pages 43–49, Amsterdam, July 1991.

[Lam58] J. Lambek, The Mathematics of Sentence Structure American Math. Monthly, 65,154–169, 1958.

[LS85] J. Lambek and Ph. J. Scott. Introduction to Higher-Order Categorical Logic.

Cambridge University Press, 1985.

[Law] F.W. Lawvere. Metric spaces, Generalized Logic and Closed Categories In “Rendiconti del Seminario Matematico e Fisico di Milano, 43, 1973.

[LS90] Y. Lafont and T. Streicher. Games Semantics for Linear Logic, In “Proceedings of the Sixth Annual Symposium on Logic in Computer Science, Amsterdam, July 15-18, pages 43–50. IEEE Computer Society Press, 1991.

[MMPR01] M. Maietti, P. Maneggia, V. de Paiva and E. Ritter. Relating Categorical Semantics for Intuitionistic Linear Logic. Manuscript, submitted.

[Mel03] P.-A. Mellies. Categorical Models of Linear Logic Revisited. Manuscript, submitted to TCS, 2003.

[dP89a] V. de Paiva, The Dialectica Categories, In “Categories in Computer Science and Logic”, Proceedings of the AMS-IMS-SIAM Joint Summer Research Conference, June 14-20, 1987, Boulder, Colorado; Contemporary Mathematics Volume 92. eds. ”Gray, J. W.. and Scedrov, A.”, 1989.

[dP89b] V. de Paiva. A Dialectica-like Model of Linear Logic, In “Category Theory and Computer Science”, eds. Pitt, D. H. and Rydeheard, D. E. and Dybjer, P. and Pitts, A. M. and Poigné, A., pages 313–340, Lecture Notes in Computer Science 389, Proceedings of the CTCS, Manchester, September 1989, 1989.

[dP91a] V. de Paiva. The Dialectica Categories, Technical report, University of Cambridge, Computer Laboratory, number 213, 1991. (Slightly revised version of PhD

thesis with same title)

[dP91b] V. de Paiva. Categorical Multirelations, Linear Logic and Petri Nets, Technical report, University of Cambridge, Computer Laboratory, number 225, 1991.

[dP91c] V. de Paiva. A Dialectica Model of the Lambek Calculus, In “Proceedings of the Eighth Amsterdam Colloquium”, eds. P. Dekker and M. Stokhof, pages 445–461, Amsterdam, December 17–20, 1991.

[dP02] V. de Paiva. Lineales: algebras and categories in the semantics of Linear Logic, In ”Words, Proofs, and Diagrams” (eds. D. Barker-Plummer, D. Beaver, Johan van Benthem and P. Scotto di Luzio) CSLI, 2002.

[Pav93] D. Pavlović. The Chu construction and cofree models of linear logic. Technical Report 17, McGill University, October 1993. submitted.

[Pav97] D. Pavlović. Chu I: Cofree equivalences, dualities and ∗-autonomous categories. Math. Structures in Comp. Sci., 7(1):49–73, 1997.

[Pra93] V.R. Pratt. The second calculus of binary relations. In Proceedings of MFCS’93, volume 711 of Lecture Notes in Computer Science, pages 142–155, Gdańsk, Poland, 1993. Springer-Verlag.

[Pra95a] V.R. Pratt. Rational mechanics and natural mathematics. In TAPSOFT’95, volume 915 of Lecture Notes in Computer Science, pages 108–122, Aarhus, Denmark, 1995. Springer-Verlag.

[Pra95b] V.R. Pratt. The Stone gamut: A coordinatization of mathematics. In Logic in Computer Science, pages 444–454. IEEE Computer Society, June 1995.

[Pra96] V.R. Pratt. Broadening the denotational semantics of linear logic. In Special Issue on Linear Logic 96, volume 3 of ENTCS (Electronic Notes of Theoretical Computer Science), Tokyo, 1996.

[Pra99] V.R. Pratt. Chu spaces: Notes for school on category theory and applications. Technical report, University of Coimbra, Coimbra, Portugal, July 1999. Manuscript available as http://boole.stanford.edu/pub/coimbra.pdf.

[Pra03] V.R. Pratt. Chu spaces as a semantic bridge between linear logic and mathematics. Theoretical Computer Science, 294(3):439–471, February 2003. Selected papers from Linear Logic’96, Tokyo.

[Pra65] D. Prawitz. Natural Deduction: A Proof-Theoretic Study. Almqvist and Wiksell, 1965.

[PT80] A. Pultr and V. Trnková. Combinatorial, Algebraic and Topological Representations of Groups, Semigroups, and Categories. North-Holland, 1980.

[S04] A. Schalk. What is a categorical model of linear logic? Manuscript, September 2004.

[ES99] E. Schläpfer. Chu-Spaces, A Group Algebra And Induced Representations Theory and Applications of Categories, 5:8, 176-201, 1999.

[See89] R. A. G. Seely. Linear logic, ∗-autonomous categories and cofree algebras.

In Categories in Computer Science and Logic, eds. J. Gray and A. Scedrov, Contemporary Mathematics vol 92, AMS, 1989.

[Win88] G. Winskel. A Category of Labelled Petri Nets and Compositional Proof Systems. In Proceedings of Logic and Computer Science, LICS, 1988.

[Yet88] D. Yetter. Quantales and (non-commutative) Linear Logic. In Journal of Symbolic Logic, 55, 1990.

Intelligent Systems Laboratory PARC (Palo Alto Research Center) 3333 Coyote Hill Road, PAlo Alto, CA, 94304, USA and Computer Science Department Stanford University Stanford, CA 94305-9045, USA Email: Valeria.dePaiva@parc.com

pratt@cs.stanford.edu

This article may be accessed via WWW at http://www.tac.mta.ca/tac/ or by anonymous ftp at ftp://ftp.tac.mta.ca/pub/tac/html/volumes/17/pref/17-pref.{dvi,ps,pdf}

THEORY AND APPLICATIONS OF CATEGORIES (ISSN 1201-561X) will disseminate articles that significantly advance the study of categorical algebra or methods, or that make significant new contributions to mathematical science using categorical methods. The scope of the journal includes: all areas of pure category theory, including higher dimensional categories; applications of category theory to algebra, geometry and topology and other areas of mathematics; applications of category theory to computer science, physics and other mathematical sciences; contributions to scientific knowledge that make use of categorical methods.

Articles appearing in the journal have been carefully and critically refereed under the responsibility of members of the Editorial Board. Only papers judged to be both significant and excellent are accepted for publication.

The method of distribution of the journal is via the Internet tools WWW/ftp. The journal is archived electronically and in printed paper format.

Subscription information. Individual subscribers receive (by e-mail) abstracts of articles as

they are published. Full text of published articles is available in .dvi, Postscript and PDF. Details will be e-mailed to new subscribers. To subscribe, send e-mail to tac@mta.ca including a full name and postal address. For institutional subscription, send enquiries to the Managing Editor, Robert Rosebrugh,

rrosebrugh@mta.ca.

Information for authors. The typesetting language of the journal is TEX, and L^ATEX2e is

the preferred flavour. TEX source of articles for publication should be submitted by e-mail directly to an appropriate Editor. They are listed below. Please obtain detailed information on submission format and style files from the journal’s WWW server at http://www.tac.mta.ca/tac/. You may also write to tac@mta.ca to receive details by e-mail.

Managing editor. Robert Rosebrugh, Mount Allison University: rrosebrugh@mta.ca TEXnical editor. Michael Barr, McGill University: mbarr@barrs.org Transmitting editors.

Richard Blute, Université d’ Ottawa: rblute@uottawa.ca Lawrence Breen, Université de Paris 13: breen@math.univ-paris13.fr Ronald Brown, University of North Wales: r.brown@bangor.ac.uk Aurelio Carboni, Università dell Insubria: aurelio.carboni@uninsubria.it Valeria de Paiva, Xerox Palo Alto Research Center: paiva@parc.xerox.com Ezra Getzler, Northwestern University: getzler(at)math(dot)northwestern(dot)edu Martin Hyland, University of Cambridge: M.Hyland@dpmms.cam.ac.uk P. T. Johnstone, University of Cambridge: ptj@dpmms.cam.ac.uk G. Max Kelly, University of Sydney: maxk@maths.usyd.edu.au Anders Kock, University of Aarhus: kock@imf.au.dk Stephen Lack, University of Western Sydney: s.lack@uws.edu.au F. William Lawvere, State University of New York at Buffalo: wlawvere@acsu.buffalo.edu Jean-Louis Loday, Université de Strasbourg: loday@math.u-strasbg.fr Ieke Moerdijk, University of Utrecht: moerdijk@math.uu.nl Susan Niefield, Union College: niefiels@union.edu Robert Paré, Dalhousie University: pare@mathstat.dal.ca Jiri Rosicky, Masaryk University: rosicky@math.muni.cz Brooke Shipley, University of Illinois at Chicago: bshipley@math.uic.edu James Stasheff, University of North Carolina: jds@math.unc.edu Ross Street, Macquarie University: street@math.mq.edu.au Walter Tholen, York University: tholen@mathstat.yorku.ca Myles Tierney, Rutgers University: tierney@math.rutgers.edu Robert F. C. Walters, University of Insubria: robert.walters@uninsubria.it R. J. Wood, Dalhousie University: rjwood@mathstat.dal.ca